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Tlf i jjj of THE INVEMUQM 

Anti Hepatitis C virus antibody and uses thereof 

FlFLP r> ? THE 1NVE ME1QN 



various uses thereof. 

Sever, — s a, cited throughout the te* of this s P ^— • «h of the 

documents cited herein (including any manufacturer, 

etc) are hereby incorporated herein by reference; however, there 

^Inydocumentcitedisindeedpriorartastothepresent—. 

• n • ./HCNrt is the principal causative agent for non-A, non-B Hepatitis. 
Hepatitis C virus (HCV) is me pnn y> „ rtnIllfl tion has been estimated 

~f urv infection in the blood donor population nas 
The prevalence of HCV infection more ^ 

~ t 00/ /rhnn pt al 1989). Acute HCV inTecuun iwu , 
to rangefrom0.4to2%(Chooetai.,ia , h ^tit* that can evolve towards 

* +rt th«- fteveloDment of chronic hepatitis that can evui 
70% of the patients, to the developme 199Cn H CV is an enveloped 

cirrhosis and hepatocellular carcinoma (Saitoet , ^ 
positive-stranded RNA virus which is classified in t e ^ 
al ., 199i , Miner et a.., 1990). It contains a genome of ^ and 

■ fW m ♦« <*rm amino acids. Processing of the polyproiein uy 
P Tr a — nTeT—n o, s— an, non— (NS) proteins 
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enveiope glycoproteins E1 and E2 (Miyamum a, a,.. 1993). No,™, proteins 

, n c,ude NS2 to NS5 indicating that H CV can be 

,n some individuals, acute mfecbon successfully host 
oontrolled by the host immune system The me— * 

Ht-V infection remain unknown. Previous reports strongly sugy 
overcomes HCV infection virus . neutrateing antibodies (Choo et a,.. 

h ana - "J^L „ ,, 1994 , Successfu, in v,vo protection of 

199 4, Faro, etal., 19^99 ^ ^ has been 

chimpanzees from pnmary infection y ^ ^ 

achieved following immunfcation with rocombma t E and I E2 ^> t 

1994 >. ,n mat study only those chimpanzees showing W ^ 

^ protected. While neutralizing antigenic domains - ^ ^ 

postulated that conformation of the immunogens was crrtica, 

neutralizing antibodtes. ^ ^ fc vims and 

As there Is to date no « assess the blologte al function of 

devefop neutraiization assays, altemativ ~ preventlon of viral attachment onto 

pre sumed suscepb I ce a * ^ ^ ^ rf bindlng 

1094. Zibert et al., 1995). Mo ^ Qf % WgWy punfled 

assay has been developed that ^"" 9 P TWs assay al ,ows the 

E2 protein ^ ca able of neutral the binding 

quantitative evaluation of NOB antibo ^ ^ ^ 

- - «* »* * Trri^el *at deveioped high antl-NOB 
chimpanzees immunized with E1 an " suggesting that 

- were protected agains, chaU^ ~ ^ ^ J ln HlV 

NOB^^^-^^"^ that ^ „, antibody binding to 
infection, a similar mode, has recent y for vlms neutraliz a1lon (Fouls 

envelope giycoprotem ^ ^ZTuZ^ acttvity o, anti-E1 and, or an,i-E 2 
etal., 1997). Another way to as ess the g ^ 

antibodies consists in ^ , n , tr0 studle s have shown that 
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1997, Ralston et al., 1993). Such complexes have been proposed to represent 
functional subunits of HCV virions (Deleersnyder et a,., 1997, Dubuisson et al 1994, 
Dubuisson and Rice, 1996, Ralston e, al., 1993). Probing for the B-ce„ repertoire ,n 
viral infections Is critical for the understanding of pathogenesis associated wrth these 
infections. Human monoclonal antibodies provide an alternate method to do sc. 
isolation and characterization of such anfibodies have been reported ,n the case of 
HCV for only a limited number of viral aniens. These include the nudeoca P s,d the 
N S3 and NS4 pmteins (Akatsuka el a,., 1993, Cehno ef a, 1991 1993 Chan e a , 
1996 Mondelll et a,., 1994) and more recently the glycoprotetn E2 (Chan et a 
996) in this latter case, authors used the phage display lachnology coupled wtth 
Tuse of synthebc P ep«des for the screening of the anti-E2 immune reacted 
wera able to obtain specific IflG single-chain Fvs that recogntzed the E2 sequence. 
^ pLc linear epifope seguence was Identic, no biological ac«vity or he 
r« E2 antibody was described and me putative role of this antibody ,n the contra or 
— 0^ infection remains undated. Recency, WO97/40176 descnbe 
mm noglobuiin molecules obtained fnom a combinatorial library, which are capab 
7apacL,.y binding with HCV E2 anbgen. Mhough 
immunogfobulins were demonstrated to have binding act,v,ty ,n a neutral** on of 
Zng assay recombinently expressed ,ab .ones and corraspon ,ng who, IgC 
m o,acules were found to be negative In neutralizing the b,nd,ng of the 
polypeptide. 

-1 IMMACY QE TH E imvfntiON 

The present invenbon relates to novel anybodies comprising at least one 
ILlementarity determining region (CDR) o, the variable doma.n of a human 
^rich is capable of specify recognizing a conformation dependen 
epitope o, HCV glycoprotein E2. Furthermore, the present invention re, tes to 
1 recognized by said antibodies. In addition, the present invention ral ates ,o a 
polynucleotide encoding the above-described antibody or anbgan, vectors 
Uprising said polynucleotide as well as ceils comprise the afore-menboned 
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polynucleotide or vector. A further aspect of the invention is a method for preparing 
antibodies capable of recognizing conformation dependent epitopes of HCV 
glycoprotein E2 and that are capable of neutralizing the binding of the E2 protein 
onto susceptible cells. The present invention further involves pharmaceutical and 
diagnostic compositions comprising the afore-mentioned antibodies, antigens, 
polynucleotides, vectors or cells as well as the use of the afore-described 
compounds in various therapeutic and diagnostic applications. 

nt=TAH F-D DEf=™TP-HnN OF THF PRFSFNT INVENTION 

Accordingly, the technical problem of the invention is to provide means and methods 

for the treatment and prevention of HCV infection in humans. 

The solution to this technical problem is achieved by providing the embod.ments 

characterized in the claims, namely antibodies are provided that 1) recogmze 
conformation-dependent determinant(s), 2) were capable of recognizing antigens 
derived from different HCV genotypes and 3) were able to precipitate noncovalently 
associated E1E2 complexes believed to exist on the surface of virion particles; and 
4) are capable of neutralizing the binding of E2 protein onto susceptible cells 
suggesting the potential of the antibodies for in vivo neutralization. Such antibodies 
are particularly useful for the development of therapeutic or preventive strategies to 
fight infection by a highly mutable agent such as HCV. 

Accordingly, the invention relates to an antibody comprising at least one (preferably 
two more preferably three, four or five, and most preferably six) complementarity 
determining region (CDR) of the V H and/or V L region of a human antibody compnsmg 
the amino acid sequence encoded by the DNA sequence depicted in Figure 5 (V L ) 
(SEQ ID NO: 1) and Figure 6 (V H ) (SEQ ID NO: 3) that specifically recognizes a 
conformation-dependent epitope of Hepatitis C Virus glycoprotein E2 and is capable 
of precipitating covalently or non-covalently associated E2/E1 complexes. 
Alternatively, and/or in addition the antibody of the invention comprises at least 1, 2 
or 3 CDR(s) of the V L region of a human immunoglobulin chain comprising the ammo 
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acid sequence of SEQ ID NO: 6 and enccded by me DNA sequence depicted In 
SEQ. ID NO: 5 which represents an allelic variant of the V, encoding DNA sequence 

of SEQ ID NO: 1 (Figure 5). . 
The person skilled In the art knew that each variable domain (the heavy cham V„ 
and Ifch. chain V L > o, an antibody comprises three hypen,ariable regions, soma mes 
le complementary defining regions or "CDRs" flanked by four reiaftvely 
Tied Lnework regfcns or W. The ODKs contained in the variab e r eg,ons 
of the antibody of .he Invenfton can be defined, e.g., ^ 
Sequences of Proteins o, Immunological Interest (U.S. Deparimen of HeaKh and 
Human Services, third edition, 1983. fourth edition, 1987, fifth edrbon 1990V The 
^on skilied in .he art will readily appreclale .ha. the variable »o * 
fh h / h»vino the above-described variable domain can be used for the 
salo 72 or anybodies o, desired spec** and biological 

r Ttus r P resan invention also encompasses poiypeptides and antibodies 
funcbon Thu *e p.sen abov(Miescribed triable domain and which 

SSSX^ - same or simiiar binding properftes as the 
antibody described in the appended examples. The person s*d he art 

21 .he non-linear nature of the epitope receded by the an,body o t he 
avenuon. This means the, ,e antigen, de.erminan.s of the 

ft. .hrae-dimensional structure o, .he HCV glycoprotein E2 rather than by the ammo 

;:::r:;r:. prec,p,.ing — or no,cova,ent,y associated E»E1 
com Ls" refers to the abimy of .he antibody of .he invenrion to precprtate E1 and 
TntnLlently associated compiexes which are beiieved .o exist on the v,non 

The term "capable of neutralizing the binding of E2 protein onto suscepftbte ceUs" 
ZZZ the ability o, candidate antibodies .o neutralize .he binding of hrghiy 



WO 00/05266 



PCT/EP99/05173 



purified E2 (neutralizing of binding er NOB) onto cells susceptible to HCV infection; 
see also Example 4. Advantageously, the antibody of the invention has an NOB 
activity at a concentration of about 1 ug/ml, preferably at a concentration of about 
0 1 ug/ml and most preferably at a concentration of about 0.03 ug/ml. 
|„ accordance with the present invention a screening assay that specifically allows 
the detection of anti-E2 antibodies capable of recognizing E2 directly expressed ,n 
cells without the requirement of antigen purification was chosen to identify and party 
antibodies directed at conformaaon-dependent determinants. The assay was afco 
based on expression of a genotype 1a derived antigen thus allowing for the 
characterized of cross-reactive anti-E2 anubodies and epitopes. Ustng this 
approach. t» clones have been obtained producing an,i-E2 anubodies from two 
HCV chmnically infected patients. The first done (Cone 503, was obtained from one 
patient (pafien, 1) infected by a genotype 4 isolate while the second clone (clone 
108) was derived from a second patient (pefien. 2) infected by a genotype 1b ,so,a e. 
„ could be shown that fhe HMebs displayed In addition a good reacfivfiy agams a 
genotype 1 b antigen suggesting tout the determinants) ,ar fl e,ed by these anbbod. 
are conserved among a, least two of the main prevalent vira, subtypes foun n the 
world (subtypes 1 a and 1b). In view of the above, it can be reasonably expected toe 
, he alody of the present invention is aiso capable of reacting with an gens c 
other genotypes such as 2, 3a, 4, 5 and/or 6. The binding acbvrty of an anbbody o 
the invention concerning these genotypes can be easily tested in accordance wrth 
the methods as described in the examples. 

The results obtained in accordance with the present Invention ind,cate that the 
determinants recognized by the HMabs of toe invention are faceted a 
conformation-dependent domains of E2 sine* linear determinants us.ng dfleren 
screening approaches, Including peptide-scanning. Western-blots and 
immunofluorescence analysis using expressed truncated domains of the p o e,n 
could not be idenfified; see Example 2. On the other hand, immunoprecpitaUon 
studies performed under reducing or non-reducing condfiions indicated that the 
HMabs recognized a conformation-dependent-determlnant. Under non-reducng 
conditions, these antibodies precipitated covalently as well as noncovalently 
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associated E1E2 complexes; see Example 3.2. The latter are thought to be 
functional subunits incorporated in the virion particle (Deleersnyder et al.. 1997). The 
present data, in particular obtained from kinetic analysis of epitope formation 
strongly indicate that the two HMabs recognize domains of the E2 protein that 
appear to be folded early. Such domains would stay accessible as the protein further 
matures, until it adopts its final conformation characteristic of the form of E2 
susceptible to be present on the surface of virions. The kinetic analysis, together 
with the NOB data (i.e. antibody 503, displaying NOB activity) also suggest that the 
two antibodies recognize different determinants; see Example 4. Alternatively, that 
affinity of the antibodies for the E2 protein differs. 

The most encouraging result obtained in accordance with the present invention was 
the demonstration that one of the HMabs displayed strong NOB activrty. These 
observations together with Rosa's et al. (Rosa et al., 1996), indicate that the 
determinant(s) recognized by NOB antibodies are likely directed at conformafon- 
dependent domains of E2, domains that appear to be conserved between different 
genotypes Such domains seem to be distinct from the hypervariable region 1 (HVR) 
that has been shown to contain neutralization epitopes. In a recent study, Z.bert et 
al (Zibert et al., 1997) have been able to correlate early appearance of ant.bod.es 
directed at a non-conformational structure found in the HVR with acute self-limited 
infection. Results from the study suggests the critical existence and role of 
antibodies directed at a linear determinant of E2 in the control of HCV infection, 
observations that are in agreement with a study originally performed m the 
chimpanzee model by Farci et al. (Farci et al., 1996). Authors in this latter study 
generated a hyperimmune serum directed at a peptide from the HVR, serum that 
contained antibodies capable to neutralize the infectivity of a well character** 
inoculum in vitro. A similar experiment was also performed by Sh.m.zu et al. 
(Shimizu et al., 1996). Thus, all of these studies strongly suggest that neutral.zat.on 
of HCV would mostly be type-specific involving the participation of variable, non- 
conserved epitopes. Nonetheless, recent observations have begun to suggest the 
existence of other neutralization determinants, cross reactive and not directed at the 
HVR In the vaccination study by Choo et al., induced neutralizing antibodies were 
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not directed at the HVR of E2 but apparently at other determinants carried by the 
antigen (Choo et a,., 1994). Abrignan, has recantiy observed a echelon between 
spontaneous resoluttrn o, chronic infection and appearance of *h a*NOB 
antibody ttters (Abrignani 1997). in patents described in the Examples heremafter, 
Z or measuLe neutralization of binding of E2 was no, rested to sera from 
Its infected with genotype fa isoiates, thus suggesting the existence* cros - 
LcOve epitopes such as those described in the present app.rcahon. As t was 
dlTto L a direct correlation between NOB «ers of a purged MAb an bters 
< T- lents' sera (both patients in our stody had similar NOB serum bters > 

ri izt «- * - ha s an n 0B a^ — - - 

low concentration (0.03 ug / ml, providing for a potent activity! see Example ^ 

The HMAbs produced in accordance wKh the present invention are expected to be 

f I tools to study further the biogenesis, folding and assembly of HCV 

1 we, as for characterization of the virion structure and a putative 
glycoprotems as we,, as for c ^ ^ ^ 

cell-surface raptor. As NOB this anbbody is 

i + ri in tho case of lentiviruses, a beneficial role of admmisier 
— inl centre, and even the 
anima, models (Coniey et a,., 1996. Emini et a,.. 1992, PutUonen et a,., 1991). 

,„ a preferred embodiment of the invention, said antibody is a monoclonal antibody 
Zonal anybody, a single chain anybody, — arflbod, „ , 

. . j uo\/ 1=0 nivmorote n a so including Dispecmc 
th^r^nf that sDecifically binds said HCV E2 glycoprotein c 
!Z n t c antldy, antibody fragment, such as Fab, Fv or scFv fragments 
o a I* >y modifL derivative of any of these. Monoclonal antibodies can 
etc., or a UBS as onginally de scribed In Kehler and 

^ZtZ 2 ^B,,^, and Oalfr, Meth. Enzyme,. 73 (1981), 3, which 
Tp se he fuaion of mouse myotome ce„s to sp,een ce„s derived from — ed 
manLs with modifications developed by the art. Furthermore, anbbodres o 
Tagme^ thereof to the aforementioned epitopes can be obtained by usrng mefhods 
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which are described, e.g., in Hadow and Lane "Antibodies, A Labcratery Manual", 
CSH Press, Cold Spring Herbcr, 1988. When derivattves cf said antibod.es are 
obtained by the phage display technique, surface plasmon resonance as employed 
in the BIAoore system can be used to increase the efficiency of phage antibod.es 
which bind to an epitope of the conformation-dependent HCV glycoprotein E2 
epitope (Schier, Human Antibodies Hybridomas 7 (1996), 97-106; Malmborg, J. 
Immunol. Methods 183 (1995), 7-13). The production of chimeric antibod.es . 
described, for example, in WO89/09622. Methods for the production of human,zed 
antibodies are described in, e.g., EP-A1 0 239 400 and WO90/07861. A further 
source of antibodies to be utilized in accordance with the present invention are so- 
called xenogenic antibodies. The genera, principle for the production of xenogemc 
antibodies such as human antibodies in mice is described in, e.g., WO 91/10741, 
WO 94/02602, WO 96/34096 and WO 96/33735. As discussed above, the anbbody 
o, the invention may exist in a variety of fortns besides complete ant,bod,es; 
including, for example, Fv, Fab and F(ab)2, as well as in single cha,ns; see e.g. 
WO88/09344. In case of bispeclfic anybodies where one specificity is directed to an 
HCV E2 glycoprotein epitope and the other preferably to a T cell antigen such as 
CD3, it is advantageous if .he binding site recognizing the viral epitope has a h,gh 
affinity in order to capture ,he virus or targe, cella which have been 
HCV and can be destroyed with high efficiency. On the other hand, the bmd.ng 
affinity o, .he binding site recognizing, e.g., a T ceil should be in .he order of those* 
the natural T cell receptor/ligand interaction or cf fha, usually found for the 
Interaction of the T-cell costimulatory molecules with their receptor. 
The anybodies of the present invention or .heir corresponding immunoglobu ,n 
chain(s) can be further modified using conventional techniques known in the art for 
example, by using amino acid de,e,lon(s), insertion(s), subs«u«ion(s). add*on(s), 
and/or recombination(s) and/or any other modification's) known in the art either 
alone or in combination. Methods for introducing such modifications in me DNA 
sequence underfying the amino acid sequence of an immunoglobulin chain are we« 
known to the person skilled in the art-, see, e.g., Sambreok, Moiecular Clon.ng A 
Laboratory Manual, Cold Spring Harbor Laboratory (1989) N.Y. 
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In a particularly preferred embodiment, the antibody of the invention comprises the 
amino acid sequence of the V H and/or V L region as depicted in Figures 5 and 6, 
respectively. 

in a further embodiment, the present invention relates to en antigen or an epitope 
thereof which is recognized by an antibody of the invention. Said antigen or epitope 
may be glyoosylated, unglycosylated or partially deglycosylated. As discussed herein 
and explained in the examples, the present invention feature novel antigens 
reoognized by the afored escribed antibodies. For the identification and isolation of 
antigen and epitopes of the invention, e.g., cDNA libraries can be screene by 
injecting various cDNAs into oocytes, allowing sufficient ..me for expression of the 
CDNA gene products to occur, and testing for the presence of the desired cDNA 
expression product, for example, by using the antibody of the Invention. 
Alternatively, a cDNA expression ilbrary in E. coli can be screened I ind.reCy for 
peptides having at least one epitope o, the invention using anhbod.es of the 
invention (Chang and GotUieb, J. Neurosci., 8:2123, .988). After having *e 
structure of such antigens the rational design of binding partners and/or domains 
may be possible. For example, folding simulates and computer redes.gn of 
sftucfura, motifs can be performed using appropriate computer prcgran* , (Olszew* 
Proteins 25 (1996), 286-299; Hoffman, Compu.. Appl. Biosci. 11 (1995), 675-679). 
Furthermore, computers can be used for the conformational and energetic analyse 
of detailed protein models (Monge, J. MoL Biol. 247 (1996), 995-1012; Renouf, Adv. 
Exp. Med. Biol. 376 (1995), 37-45). 

in another embodiment the present invention relates to a polynucleotide encoding at 
leas, a variable region of an Immunoglobulin chain of any of the before described 
antibodies of the invention. One form of immunoglobulin constitutes the basic 
structural unit of an antibody. This form is a tetramer and consists of two idenftcal 
pairs of immunoglobulin chains, each pair having one light and one heavy cha,n. In 
each pair, the light and heavy chain variable regions or domains are together 
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responsible for binding to en antigen, and the constant regions are responsible for 
the antibody effector functions. In addition to antibodies, immunoglobulins may exist 
in a variety of other forms (including less than full-length that retain the desired 
activities), including, for example, Fv, Fab, and F(ab)2, as well as single chain 
antibodies (e.g.. Huston, Proc. Nat. Acad. Sci. USA 85 (1988) ,5879-5883 and B,rd, 
Science 2420988), 42M26); see also supra. An immunoglobulin light or heavy 
chain variable domain consists of a -framework" region interrupted by three 
hypervariable regions, also called CDR's; see supra. 

The antibodies of the present invention can be produced by expressing recombinant 
DNA segments encoding the heavy and light immunoglobulin chain(s) of the 
antibody invention either alone or in combination. 

The polynucleotide of the Invention encoding the above described antibody may be, 
e g DNA, cDNA, RNA or synthetically produced DNA or RNA or a recombinant* 
priced chimeric nucleic acid molecule comprising any of those polynucleotides 
either alone or in combination. Preferably said polynucleotide is part of a vector. 
Such vectors may comprise further genes such as marker genes which allow tor toe 
selection of said vector in a suitable host cel, and under suitable conditions. 
Preferably the polynucleotide of the invention is operatively linked to expression 
oontro, sequences allowing expression In proka^otlc or eukaryotic cells ^.on 
of said polynucleotide comprises transcription of the polynucleotide into a 
translatable mRNA. Regulatory elements ensuhng expression in eukav-tic cells, 
preferably mammalian cells, are well known to those skilled in the art. They usually 
comprise regulatory sequences ensuring initiation of transcription and optionally 
poly-A signals ensuring termination o, transcript and stabilization of toe transcnpt 
Additional regulatory elements may include transcriptional as well as —one, 
enhancers, and/or naturally-associated or heterologous promoter regions. ,n this 
respect, toe person skilled in the art will readily appreciate that toe polynucleotides 
encoding at least toe variable domain of the light and/or heavy chain may encode 
toe variable domains of both immunoglobulin chains or only one. Likewise, said 
polynucleotides may be under toe control of the same promoter or may be 
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separately controlled for expression. Possible regulatory elements permitting 
expression in prokaryotic host cells comprise, e.g., the PL, lac, trp or tec promoter in 
E coli, and examples for regulatory elements permitting expression in eukaryotic 
host cells are the AOX1 or GAL1 promoter In yeast or the CMV-, SV40- , RSV- 
promoter (Rous sarcoma virus), CMV-enhancer. SV40-enhancer or a globin intron ,n 
mammalian and other animal cells. Besida elements which are responsible for the 
initiation of transcription such regulatory elements may also comprise transcnptton 
termination signals, such as the SV40-poly-A site or the tk-poly-A site, downstream 
of the polynucleotide. Furthermore, depending on the expression eystem used 
leader sequences capable of directing the polypeptide to a cellular compartment or 
secreting it into tee medium may be added to the coding sequence of the 
polynucleotide of the invention and are well known in the art. The leader 
sequence(s) is (are, assembied in appropriate phase with translation, Inittatton and 
terminatton sequences, and preferably, a leader sequence capable o, d,rect,ng 
secretion of translated protein, or a portion thereof, into tee penpiasmtc space or 
extracellular medium. Opttonally, the heterologous sequence can encode a fusion 
protein inc.uding an C or N-terminal Identtttcatton peptide imparting destred 
oharacteristics, e.g.. stabilization or simplffled purification o, expressed 
product. ,n this context, suable expression vectors are known in me ^ar. such ,» 
Okayama-Berg cDNA expression vector pcDVf (Pharmacta). pCDMu, pRc/OMV, 
PCDNA1 , PCDNA3 (In-vitrogene), or p3PORT1 (GIBCO BRL). 
Preferably, the expression control sequences will be eukaryotic promoter systems ,n 
vectors capable of transforming or transfecfing euka^ottc host cells, but control 
sequences for prokaryotic hosts may also be used. Once the vector has been 
incorporated into the appropriate host, the host is maintained under condrttons 
suitable for high level expression of the nucleotide sequences, and, as des.red, the 
collection and purification of tee Immunoglobulin light chains, heavy charns, 
light/heavy chain dlmers or intact antibodies, binding fragments or other 
immunoglobulin forms may follow; see, Beychok, Cells of Immunoglobulin Synthes,s, 
Academic Press, N.Y., (1979); see also, e.g., the appended examples. 
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As described above, the polynucleotide of the Invention can be used alone or as part 
of a vector to express the (polypeptide of the invention in cells, for, e.g., gene therapy 
or diagnostics of diseases related to HCV infection. The polynucleotides or vectors of 
the invention are intreduced into the cells which in turn produce the antibody. Gene 
therapy which is based on introducing therapeutic genes into cells by ex-vivo or ,n- 
vivo techniques Is one of the most important applications of gene transfer. Surtable 
vectors and methods for in-vitro or in-vivo gene therapy ere described in the Merafure 
and ere known to the person skilled in the art-, see, e.g., Giordano. Nature Medicine 2 
(1996). 534-539; Schaper, Circ. Res. 79 (1996), 911-919; Anderson, Science 256 
(1992) 808-813; Isner, Lancet 348 (1996), 370-374; Muhlhauser, Circ. Res. 77 (1995) 
1077-1086; Wang, Nature Medicine 2 ,1996), 714-716; W094/29469; WO 97,00957 
or Schaper, Current Opinion in Biotechnology 7 (1996), 635-640, and references cted 
tterein. The polynucleorides and vectors of the invention may be designed for d,reot 
introduce or for introductton via liposomes, or viral vectors (e.g. adenovre, 
retroviral) into the cell. Preferably, said cell is a germ line cell, embryonic ceil, or egg 
cell or derived therefrom, most preferably said cell is a stem cell. 

Furthermore, the present Invention reiates to vectors, particularly plasmlds cosmids 
viruses and bacteriophages used conventionally in genetic engineenng that comprise 
a polynucleotide encoding a variable domain of an immunoglobulin cha.n of an 
antibody of the Invention; optionally in combination with a polynucleotide of he 
invention that encodes the variable domain of the other immunoglobulin cha,n of the 
antibody of the invention. Preferably, said vector is an expression vector andfor a gene 
transfer or targeting vector. Expression vectors derived from viruses such as 
retroviruses, vaccinia virus, adeno-associated virus, herpes viruses, or bovme 
papilloma virus, may be used for delivery of me polynucleotides or vector of he 
invention into targeted cell populate. Methods which are well known to those sk,l ed 
in the art can be used to construct recombinant viral vectors; see, for example, the 
techniques described in Sambrook, Molecular Cloning A Laboratory Manual, Cold 
Spring Harbor Laboratory (1989) N.Y. and Ausubel, Current Protocols in Molecular 
Biology, Green Publishing Associates and Wiley Interscience, N.Y. (1989). 
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Alternatively, the polynucleotides and vectors of the invention can be reconsttuted ,nto 
liposomes for deliver to target cells. The vectors containing the polynucleotides of the 
invention (e.g., the heavy and/or light variable domains) of the immunoglobulin chains 
encoding sequences and expression control sequences) can be transferred ,nto , toe 
host eel, by well-known meftods. which vary depending on the type of cellular host. 
For example, calcium chloride transfedon is commonly utilized for prokaryohc eels, 
whereas calcium phosphate treatment or elec.ropora«on may be used for otoer cellular 
hosts; see Sambrook, supra. 

me presen, invention —ore relates to host cells transformed «jh a 
polynucleotide or vector o, the invent. Said host cell may be a pnoKaryotc o 
euLotio cell. The polynucleoflde or vector of the invention which ,s present ,n the 
hon may either be integrated into the genome of toe host cell or t may be 
maintained extrachromosomally. kaM ^„t insect 

The host cell can be any prokaryotic or eukaryotic cell, such as a >»-"*--* 
tonga,, plan, animal or human cell. Preferred tonga, calls are, for example, » h~- 
the genus Saccharomyces, ,n particuiar those of the species S. cerev,s,ae Th term 
' p okaltic" is mean, to include a„ bacteda which can be transformed or transacted 
T* DNA or RNA molecules for the expression of an antibody of the Invent™ or 
I Responding immunoglobulin chains. Prokaryotic boats may indude gram 
negative as we,, as gram positive bacteria such as, for example, E. a* & 
Xurium, Serrada marcescans and Bacillus sub*. The term "aukaryCc s 
In, to include yeast, h.her plant, insect and preferably mamrna.,a c* 
Depending upon the host employed in a recombinant production procedure, the 
'Zdlee or immunoglobulin chains encoded by the poly— ; o, *. , 
invention may be 8 ,ycosy,ated or may be non-g,ycosy,a,ed Anbbod^ o to 
invention or the corresponding immunoglobulin chains may also ,nc da n mt, 
methionine amino acid rescue. A polynucleotide of the mvenbon can be used to 
transform or transfect the host using any of the techniques commonly known to 
those of ominary skill in the art. Furthermore, methods for preparing fused, operab y 
„nked genes and expressing them in, e.g.. mammalian calls and bactena are well- 
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known in the art (Sambrook, Molecular Cloning: A Laboratory Manual, Cold Spnng 
hTZ Labored, Cold Spring Harbor. NY. 1989). Tbe genetic constructs and 
Tbods descrtbL therein can be utilized tor expression of ,be antibody - be 
r „ or the corresponding immunoglobulin chains in eukaryobc or prokaryohc 

— — - - - — -»»——- 

scale production of the (poly)peptide of the invention. 

chain(s) thereof comprising 

thereof from the culture, 

« h hosts can be grown in fermentors and cultured according to 

column chromatography, gel " „ fts ^ nms 

M 1T^ T^J^ L .hen be isolated from the growth 
immu nog,ob h membrane fraottons isolat|on and 

m ed,um celMa '^tes ^ ^ immunog , obulln chalns 

PU ~ ' n 2' oe b any Lentiona, means such as, tor example, 
of the invention may oe uy any 
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preparative chromatographic separations and immunological separations such as 
those involving the use of monoclonal or polyclonal antibodies directed, e.g., against 
the constant region of the antibody of the invention. It will be apparent to those 
skilled in the art that the antibodies of the invention can be further coupled to other 
moieties for, e.g., drug targeting and imaging applications. Such coupling may be 
conducted chemically after expression of the antibody or antigen to arte of 
attachment or the coupling product may be engineered into the antibody or antigen 
of the invention at the DNA level. The DMAs are then expressed in a suitable host 
system, and the expressed proteins are collected and renatured, if necessary. 

Substantially pure immunoglobulins of a, least about 90 to 95% homogeneity are 
preferred, and 98 to 99% or more homogeneity most preferred, for pharmaceutical 
uses Once purified, partially or to homogeneity as desired, the antibodies may then 
be used therapeutically (including exlracorporeally) or in developing and performmg 
assay procedures. 

The present invention also involves a method for producing cells capable of 
expressing an antibody of the invention or its corresponding immunogloburtn cha,n(s 
Jmprtsin genetic* engineering cella wrth the poiynuclaotide or with the vector o 
the invention. The cells obtainable by the method of the Invention can be used, 
example, to test toe interaction of the antibody of the invention with its antigen 
Furthermore, the invention relates to an antibody of the invention or fragment thereof 
encoded by a polynucleotide according to the invention or obtainable by *e above- 
described methods or from ceils produced by the method described above. The 
antibodies of the present Invention will typically And use individually ,n treating 
substantially any disease susceptible to monoclonal antibody-based therapy. In 
particular, the immunoglobulins can be uaed for passrve Immunization or the remove 
o, HCV or uriwanted cells or antigens, such as by complement mediated lys.s, art 
without substantial immune reactions (e.g., anaphylactic shock) associated wrth 
many prior antibodies. For an antibody of the invention, typical disease states 
suitable for treatment include chronic HCV infection. 
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The antibodies, antigens and epitopes of the invention can be used therapeutically 
In e.g., patients suffering from HCV infection. Such therapy can be accomplished 
by for example, the administration of antibodies, antigens or epitopes of the 
Invention. Such administration can utilize unlabeled as well as labeled antibodies or 
antigens. For example, when unlabeled the antigen or epitope is utilized 
advantageously, it would be In a form wherein, for example, the antigens are in 
fragments which are too small to stimulate an immune response, but large enough to 
bind, or block, the docking of HCV via E2 glycoprotein onto the target cells. 

Alternately, the antibodies, antigens and epitopes of the invention could be 
administered labeled with a therapeutic agent. These agents can be coupled erther 
directly or indirectly to the antibodies or antigens o, the invention. One exempt of 
indirect coupling is by use o, a spacer moiety. Furthermore, the anubod.es d the 
present invention can comprise a further domain, said domain being inked by 
covalent or non-covalen. bonds. The linkage can be baaed on 
according to the methods known in the art and described above or can be performed 
by e g chemical cross-Unking as described in, e.g., WO 94/04686. The additional 
domain present in the fusion protein comprising the antibody of the Invention may 
preferably be iinked by a flexible linker, advantageously a polypepade linker, wherein 
said polypeptide linker comprises plural, hydrophliic, peptide-bonded amino ; acida of 
a length sufficient to span the distance between the O-termina, end o, said further 
domain and the N-«erminal end of the andbody of the invention or vice versa. The 
above described fusion protein may further comprise a cleavable linker or oeavage 
s„e for proteinases. These spacer reoledes, In arm, can be eKher insoluble or 
soluble (Diener, et al„ Science, 231:148, 1986) and can be selected to enable drug 
release from the antigen at the target site. Examples of therapeutic agenta wh,ch can 
be coupled to die antibodies, antigens and epitopes of the invention for 
immunotherapy are drugs, radioisotopes, lectins, and toxins. The drugs with which 
can be conlugated to the antibodies, antigens and epitopes of the invention include 
compounds which are classically refened to as drugs such as mitomycin C, 
daunorubicin, and vinblastine. In using radioisotopic* conjugated antibodies. 
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antigens or epitopes of the invention for, e.g., immunotherapy, certain isotopes may 
be more preferable than others depending on such factors as leukocyte distribution 
as well as stability and emission. Depending on the autoimmune response, some 
emitters may be preferable to others. In general, a and (3 particle-emitting 
radioisotopes are preferred in immunotherapy. Preferred are short range, high 
energy a emitters such as 212 Bi. Examples of radioisotopes which can be bound to 
the antibodies, antigens or epitopes of the invention for therapeutic purposes are «l, 
131, 9o Y 67 Cu 2 i2 Bi) 2i2 Ati 2ii Pb / 7 Sc, 109 Pd and 1S8 Re .Other therapeutic agents which 
can be coupled to the antibody, antigen or epitope of the invention, as well as ex 
vivo and in vivo therapeutic protocols, are known, or can be easily ascertained, by 
those of ordinary skill in the art. Wherever appropriate the person skilled ,n the art 
may use a polynucleotide of the invention encoding any one of the above described 
antibodies, antigens or epitopes or the corresponding vectors instead of the 
proteinaeous material itself. 

Moreover, the present invenSon relates to pharmaceutical compositions comprising the 
aforementioned antibody, amigen or epitope, polynucleotide, vector or cell of the 
invention. The pharmaceuucal composition of the present inventJon may further 
comprise a pharmaceufcally acceptable carrier. Examples of suitabie pham.aceut.cal 
carriers are well known In the art and include phosphate buffered saline solutions, 
water emulsions, such as oil/water emulsions, various types of wetting agents, stenle 
soluttons etc. Compositions comprising such carriers can be formulated by well known 
conventional methods. These pharmaceutical compositions can ba administered to the 
subject at a suitable dose. Administration of the suitable compositions may be effected 
by different ways. e.g.. by intravenous, intraperitoneal, subcutaneous, intramuscular, 
topical or intradem-al administration. The dosage regimen will be determined by the 
attending physician and clinical factors. As is well known In the medical arts, dosages 
for any one pattent depends upon many factors, including the patient's ate, body 
surface area, age. tee particular compound to be administered, sex, time and route of 
administration, general health, and other drugs being administered concurrently. A 
typical dose can be, for example, in the range of 0.001 to 1000 ug (or of nucleic acd 
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for expression or for inhibition of expression in this range); however, doses below or 
above this exemplary range are envisioned, especially consUenng the aforementioned 
faotors Generally, me regimen as a regular administration of the pharmaceuflca, 
composite, should be in the range of 1 pg to 10 mg units per day. If me regimen ,s a 
continuous infusion. It should also be in the range of 1 pg to 10 mg units per Wogram 
o, body weigh, per minute. respecflvety. Progress can be monitored by penod, 
assessment Dosages wii, vary but a preferred dosage for intravenous a m,n sfrabon 
o, DMA is from approximately 10' to 10" copies of .he DNA moiecuie. The 
compositions of .he invenflon may be administered locally or systemic* 
will generally be parenteral e.g., intravenously; DNA may also b. 
administered directiy to the target * e.g., by « » — ° 

externa, targe, site or by ca.he.er to a site In an artery. Preparaflons for parenteral 
"ministration include storfie agu»us or non-agueous ^ons suspend 
emulsions. Examples of non-agueous solvents are propylene glycol. p*-W« 
glycol, vegetable o»s such as olive oil. and injectable organ,o estors such as e^ 
l.e Aqueous carders include water, alcoholic/agueous solutions, emu.s,ons or 
Ispensions, Wuding saiine and buffered media. Parentages 
oJrtde soluflo, Anger's dextrose, dexftose and sodium chlonde. lactated ^ 
or fixed oils Intravenous vehicles include fluid and numen. replenished electrolyte 
IZL (such as those based on Ringe.s dextrose,, and the 
and other additives may also be present such as, tor example. ant,m,crob,a Is 
aidants, chaiaflng agents, end inert gases and the UK. 
pharmaceutical composftion of toe invention may compose further agents such as 
ntedeuKns or interferons depending on the intended use of 
composlflon. For example, the pharmaoeuflcal composes of the ,nve flon. as 
oescribed above, may be administered in combination wim other an v,ra 1 gen. 
Such agents may include, as a non limfling example, interferons otoer an , HOV 
monoclonal or poiydona, antibodies, nudeoside analogs, inhibitors o 

Lrapy the antibodies may be given simultoneously wflh toe ant, wa, agent o 
sequ nt,a,,y either before or after treatment wfth the an., wa, agent. Such 



WO 00/05266 



PCT/EP99/05173 



2U 

pharmaceutical compositions may also ba used, for axampla, for immunization of liver 
transplantation patients to eliminate possible recurrent HCV infections in such patients. 
Furthermore, the pharmaceutical composition may be formulated as a vaccine, for 
example if the pharmaceutical composition of the invention comprises an antrgen as 
described above that is capable of eliciting an effective immune response against 
HCV Advantageously, the pharmaceutical composition of the invention is Intended for 
use in liver transplanted. Furthermore, it is expected that the antibodv -of the 
invention is useful for the prevenUon of infection ofTupaia-hepatocy.es wrth HCV- 
infectious human sera. 

,t is envisaged by the present invention that the various polynucieoudes and vectors 
o, «,e invention are administered eWrer aione or in any combined using standard 
vectors and/or gene d*ery systems, and optionally together w* a 
pharmaceutic* acoeptabie earner or excipient. Subsepuen, to adr— 
polynucleotides or vectors may be stably integrated into the genome of *, sub ect 
On the other hand, vlra, vectors may be used which are speCo for carta* «* « 
issues and persist in said cells. Suitabie pharmaceutical carriers and exerts „ 
„el, known in the art. The pharmaceutical compositions prepared accord ng to the 
Lntion can be used for the prevention or treatment or delaying of HCV rnfecbon. 
Furthermore . is possible to use a pharmaoeu.ca, composiUon o, .he invenhon wh,ch 
poiynuUe or vector of *e invention in gene therapy. Suable gene 
deliver systems may include liposomes, recep.or-media.ed delivery system . na^ 
UNA, and vlra. vectors such as herpes viruses, retmviruses, adenoviruses, and adeno- 
associated viruses, among others, see also supra. Delivery of nudeic adds , tc , a 
specific site in the body for gene therapy may also be accomplished usrng a MM. 
deliver system, such as that described by Williams (Proo. Nati. Acad. Sc. USA 88 
(1991), 2726-2729). 

,„ a further embodiment the present invenflon relates to a method for preventing 
(relinfeotion of Hepatitis C Virus in a subject, comprising the step of administenng 
the antibody, polynucleotide or vector o, the invention. Further encompassed ,s a 
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method for alleviating chronic Hepatitis C in a subject, comprising the step of treating 
said subject using the afore-described compounds of the invention combined w.th a 
pharmaceutical^ acceptable carrier. 

,n another embodiment the present invention reiates to a diagnostic composition 
comprising any one o. the above described the antibodies, aniens, poiynudeobdes 
vectors or cells of the invention and optionally suitable means for detection. The 
anflgens and antibodies of the invention are, for example, suited for use ,n 
immunoassays in which they can be utilized in liquid phase or bound to a so* phase 
carrier. Examples of immunoassays which can u*ze the antfcen of the invanbo » 
compebtive and non-compebtive immunoassays in e«her a direct or indirect format 
Examples of such immunoassays are the radioimmunoassay ,R.A), he sandw* 
Lunomebic assay, and the Western b.ot assay. The antigens and anbbod.es of the 
Lbon can be bound to many deferent earners and used ,o isolate 
bound to said po^pepfldes. Examples of well-Known came. «i da gtass 
polystyrene, polyvinyf chlodda, poiypmpyiene. pdyethyiene, poiyoarbonate, * 
nylon amylases, natural and modfled oeilulosas, polyacrylamldes, agaroses, and 
JaTnetite. The nature of the earner can be either soluble or Insoluble for the purposes 

;r :riy — - - methods - ^ » r - = 

skin in the art. Examples o, the types of labels which can be used ,n the present 
Mention indude enzymes, radioisotopes, coiioida, metals, 

chemiiuminescen. compounds, and bloluminescen. compounds; see also the 
embodiments discussed hereinabove. 

By a further embodiment, the antibodies of the invention may also be used i„ a 
method for the diagnosis of HCV Infections in an individual by obta,n,ng a body flutd 
sample from the tested Individual which may be a blood sample, a lymph sampte or 
any other body fluid sample and contacting the body fluid sample wflh an antibody of 
J invention under conditions enabling the formation of antibody-anhgen 
complexes. The ieve, of such complexes is than determined by methods known ,n 
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the art a leval significantly highar than that formed in a control sample indicating an 
HCV infection in the tested individual. In the same manner, the specific antigen 
bound by the antibodies of the invention may also be used for diagnosis of HCV 
infection in an individual by contacting a body fluid sample from the tasted Individual 
with the antigen as described above and determining the formation of antigen- 
antibody complex in the sample. Thus, the present invention relates to an In v,tre 
immunoassay for the presence of Hepatitis C Virus glycoprotein E2, charactenzed by 
measuring its co-precipitation with fhe antibody of the invention, preferably under 
non-reducing conditions. Furthermore, fhe present invention encompasses a method 
for diagnosing chrenic Hapatlas C in a subject, charactenzed in that samples of sa,d 
subi ect are tested using the antibody o, .he invention for the presence of 
neutralization of binding of Hepatiris C Virus glycoprotein E2 onto arge. c I , 
Accordingly, the preaent invention also involves a neutralization assay for mhMng 
JbWng of Hepatirits C Virus glycoprotein E2 onto target cells using the antibody 
of the invention. 

The present invention also comprises methods o. detecting the presence of HCV 
antigen in a sample, for example, a cell sample, which comprises o taming . ce 
sample from a subiect, contacting said sample with one of the »d 
antibodies, preferably under non-reducing conditions paring b,nd,ng o the 
antibody to the ant^en, and detecting the presence of the anybody so bound, for 
example, using immune assay techniques such as radioimmunoassay o 
enzymeimmunoaasay. Furthermore, the present Invention relates to a method 
de ,ect,ng autoanribodles against Hepautis C Vims in a subject composing «* Cng 

a sample from a sub)ec, with the antigen of the invention, and detecung the 

presence of antibodies bound to said antigens. 

in a sffll further preferred embodiment the present invention relates to the use of the 
atore-described antibody, antigen, polynucleoride, vector or ceil for the preparahon 
of a pharmaceutical composition forthe treatment or prevention of HCV Infect™ 
subiect or for the prevention of recurrence o, HCV infection. Preferably sa,d 
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pharmaceutical composition is designed to be administered prior, during or after liver 
transplantation. 

The pharmaceutical compositions, methods and uses of the present invention may 
be desirably employed in humans, although animal treatment Is also encompassed 
by the methods and uses described herein. 

These and other embodiments are disclosed and encompassed by *e description and 
Examples of the present invention. Further literature concerning any ope of he 
antibodies, methods, uses and compounds to be employed in accordance «h the 
present invention may be retrieved from public libraries and databases u 9 fo 
example electronic devices. For example *e public database "Medlrne may be 
utiifced which is available on the Internet, for example ^ under 
htt p : ,/www.ncbi.n,m.nih.gov,PubMed/medl,ne.h ta l. Further databases and addresses 
u " h as http://www.ncbi.nlm.nih.gev/, httpV/www.infobrogen.fr/, 

Lp./www.fmi.ch/biology/research^tcols.h^i, hftp/Mww.tigr.org, are known Jo the 
peL sKUied in the art and can also be obtained using, e.g., http./www.lycos.ccm. An 
o elw o, patent information in biotechnology and a survey of relevant sources o 
paten, information userc, for retrospective searching and for current awareness ,s 
given in Berks, TIBTECH 12 (fg94), 352-364. 

The above disclosure generaliy describes the present invention. A more comp^ 
understanding can be obtained by reference to the following specific «^ 
ar e provided herein for purposes of illustration only and are no, intended ,o l,m„ the 
scope of the invention. 



The Figures show 
Figure 1: 



indirect immunofluorescence analysis. CV-1 cells were infected wrth 
the SVE2 recombinant virus as previously described (Fournillier-Jacob 
et al 1996) and immunofluorescence analysis performed using 
patients's sera (1: 20 dilution) or supernatants from the HMAbs 
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Figure 2: 



Figure 3: 



24 

producing cell lines. Staining was performed using goat-anti human IgG 
immune serum coupled with fluoresceine. (A) serum from patient 1; (B) 
serum from patient 2; (C) HMAb 503 ; (D) HMAb 108; (E) serum from a 
patient with chronic hepatitis unrelated to HCV. An additional negative 
control (F) included CV-1 ceils transfected with a SVE1 recombinant 
virus (expressing E1) and stained with the HMAb 503 or 108 (result is 
shown for HMAb 503 only). 

Plasmids used in the epitope mapping studies. (A) Representation of 
the HCV genomic domain coding for the viral nucieocapsid (C). the 
glycoproteins E1 and E2 and the non-structural proteins p7. NS2 and 
NS3 (Rice et al.. 1996). Amino acid position of the proteolytic cleavage 
sites are indicated. (B) Map position and amino acid boundaries of the 
sequences encoded by the different expression plasmids. 

, m munoprecipitation of E2 and co-precipitation of E1 and analysis of 
epitope formation under under reducing and non-reducing cond.t.ons. 
Cells coinfected with vTF7-3 and vHCV1-1488 (vHCV) or with TF7-3 
alone (M) were pulse labeled for 5 min and chased for the indicated 
times (in hours). The E2 glycoprotein was immunoprecipitated wrth 
HMAbs 108, 503 and mouse MAbs H2 (Deleersnyder et al.. 1997) and 
A11 (Dubuisson et al., 1994). Immunoprecipitates were analyzed under 
reducing or nonreducing conditions by SDS-PAGE (10% acrylamide). 
Expected position of HCV specific proteins are indicated at the left of 
the figures. 



Figure 4: 



Percent neutralization of E2 binding by HCV-E2 HMAbs. Various 
concentrations of anti-E2 HMAbs 503 and 108 were tested for the.r 
ability to neutralize binding of purified CHO expressed E2 protein onto 
MOLT-4 cells. Neutralization was calculated as described (Rosa et al., 
1996) and 50% neutralization titers are indicated. 
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Figure 5: Nucleotide and amino acid sequences of the variable region of the light 
chain (V u ) of HMAb 503. 

Figure 6: Nucleotide and amino acid sequences of the variable region of the 
heavy chain (V H ) of HMAb 503. 

The Examples illustrate the invention. 

Example 1: Patients' screening and generation of human monoclonal antibody 
producing B cells (LCLs) 

Two patients were enrolled in the study. HCV infection was determined by the RIBA 
,ll assay (Abbott Laboratories). At time of PBMC (peripheral blood mononuclear 
cells) immortalization, both patients had chronic hepatitis as determined by 
histological examination and positive PGR assays. Serum viral loads were 
determined using the bDNA assay version 2.0 (quantiplex HCV RNA Assay, Chiron 
Diagnostics). HCV genotypes were determined using three different methods. The 
first one was based on the detection of genotype-specific antibodies directed at the 
nonstructural antigen 4 (NS4) and was determined using the MUREX 1-6 serotyping 
assay according to the manufacturer's instruction (MUREX Diagnostics SA, 
Bhattacherjee et al.. 1995). The second one was based on the amplification of v.ral 
sequences from the 5'non-coding region (NCR) of the genome using genotype/ 
subtype specific primers and was performed using the INNO-LIPA assay 
(innogenetics S.A.). In one of these two patients, patient 1, despite detectable HCV 
RNA by PCR in the serum, serum ALT (alanine amino transferase) levels were and 
remained normal (mild hepatitis). In contrast, ALT levels remained persistently 
elevated in patient 2 and infection in this patient was characterized by cirrhosis. 
Generation of HMAbs producing cell lines was performed as previously described 
(Boyer et al., 1991, Desgranges et al., 1988, Seigneurin et al., 1983). Briefly, after 
Ficoll isolation, PBMCs were exposed to EBV culture supernatant (1 ml of B95.8 
strain supernatant with a titer of 10-3 TD50/ ml for 5x106 PBMCs) at room 
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temperature. After incubation, they were diluted in medium et concentration ranging 
from 50 to 100 x 103 cells per well. After 2 to 4 weeks, the supematants were 
screened for anti-E2 reactivfty by the SVE2 CV-1 1FA. Detection of anti-E2 
antibodies has been reported to be tightly dependent on the antigen production 
method (Chien e, a,., 1993, Hsu e. a,., 1993, Lesnlewski e. a!., 1995). Eukaryofc but 
no. promote expression of HCV E2 has been shown to ailow for pmper 
pnocassing and glycosylate o, the protein (Selby et a,„ 1993). In our stud* we 
used as screening assay for anti-E2 antibodies an euRa^otic expressed E2 anflge 
analyzed under a naflve form i.e. visuaflzed by an immunofluorescence assay (I FA). 
Such a detection assay has been previously used by Fournillier-Jacob 
shown to be particularly efficient for antibody detection (Fournillier-Jacob et a, 
1MB) Briefly, a recombinant plasmid, pCW13 E2, expressing HCV E2 ammo and 
eeguence 371 to 746 from the prototype strain H (genotype 1a) was use o 
transient CV-1 cells together with a helper SV40 mutant virus to generate the stock 
J etmbinan, virus expressing E2 (SVE2, Fournillier.acob el a, 1996, Wye owsk, 
e, a, 1986). SVE2 vims was used to further infect CV-1 ceils and 
mmun'ofluorescence analysis were performed using sera from infected , patients an 
Z— - BBV-immorta„ Z ed B cel,s as previously dascribed ^ oum,l,,e, 
Jacobetal 1996). Cells weraflxed in methanol: acetone (3: 7) pnorto analysis 

were'further subConed twice a, 2 to 20 cells per we,, with 50 x103 irrad,to 
(2 500 rads) allogenic PBMCs. Two persistently positive Cones derived from , e h»o 
patients were obtained. Tabia 1 summarizes characteristics ofthe two 

1 two lymphoid B-cei, lines producing HMAbs, dasignated 503 and 108. Analyse 
o, culture supematants mom the two clones revealed that both Cones sec^ , 8 G 
only Supematants from each Cone were tested by IFA on CV-1 ceils infected with 
the recombinant SVE2 vims and staining was revealed using speciflc secondary 
antibodies for human IgM, igG or IgA (Byosis), ,gG1, lgG2, lgG3 and ,gG4 
subclasses (Sigma immuno Chemical Co, and for X and k light chains (Dakopatts). 
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A protein A (Pharmacia) column was used for affinity purification of supernatant 
producing HMabs. The determination of antibody concentration In culture 
supernatants was performed by ELISA as previously described (Boyer et al., 1991). 
LCLs produced 2 to 5 pg of Ab/ml of conventional culture medium. Genotypmg of 
patient 1 and 2 infecting viruses was at time of PBMO immortalization and on two 
times within the past two years prior to the immortalization using two different 
assays. Both assays gave concordant results and indicated that patient 1 was 
infected by a genotype 4 isolate while patient 2 was infected by a genotype 1b 
isolate. As commercially available HCV genotyping assays may be lacking speedy 
and in order to exclude the possibility of dual infection, we further confirmed the 
above results by the analysis of PCR-derived sequences mapping within the 5'non- 
coding region of the HCV genome. Nucleotide sequences derived from cloned 
qU asispeo,es was compared ,o published databases (Bukh et al., 1992) and *e 
results confirmed those obtained with the commercial genotyping assays i.e. tha 
both paaents were infected with a slngie vM type. Figure 1 illustrates the , sfc.n.ng o 
SVE2 infected CV-1 cells observed In the I FA using the patients' sera (A and B) or 
the purified monoclonal antibodies (C and D). The reactivity was localized ,n the 
cytoplasm with a predominant perinuclear distribution. 

Example 2: Immunological characteristics of the HMabs 

Different approaches were used to characterize the Immune reactivity of the 
prod uced antibodies. Western blo. analysis using denaturing conditions and protem 
preparations containing subtype 1a or 1b derived E2 proteins (Nakano et al., 1997 
were performed using the original pafients'sera, supernatants from the UCLs as we 
as purified antibodies. For Western blotting analysis, baoulovirus expressed E2 
proteins from a genotype 1a and 1b sequence were used as previously desonbe 
(Nakano et al., 1997). Patients' sera (1 :60), supernatants from the two clones as we I 
as purified HMabs (tested at a concentration as high as 10 pfl/mi) were used. 
Epitope mapping using pafienfs sera as well as purified antibodies was performed 
using a panoply of synthetic peptides covering the entire E2 open reading frame as 
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previously described (Courtesy A.M. Prince, Wang et al„ 1996). Trie synthetic 
peptides were mostly 12-mer with 6 aa overlap between successive peptides, 
corresponding to the sequences of HCV-H strain (genotype 1a) E2 protein. There 
were a total of 57 peptides for E2 (aa 384-727), all of which were synthesized by 

Whites! of both HCV infected patients reacted with the E2 1a and 1b derived 
proteins, none of the cufiore supernatants or purified HMAbs gave a posttlve s,gnal, 
even when tested at concentrations as high as 10 pg/ritl. No reactivity could either 
he observed when culture supernatants or purified antibodies were tested in a 
peptide scanning EL1SA using a pane, of synthetic peptides covenng a 

rthTabove observations suggested that the recognized determinants may be of 
non-linear nature, immune reality of the dfiferent samples was analyze Nn .F 
assays Cells were transacted whh a panoply of plasmids expressing differen 
J L of E2 (see Figure 2, in order to 1. and iden«y restricted e— 
sequences The two HMabs obtained were evaiuated for reacWy by 
Js transfected by a panoply of vectors expressing truncated domains of the E2 
rl eMsl Zre 2). E2 sequences were cloned directly under the CMV promoter 

fusion proteins witri me hepafifis B virus surface antigens for plasm,ds pS2S.E2A-E 
using standard techniques and as previously described (SambrooK et a. 989 
NaKano e, a,., 1997). A» DMA preparafions were generated using Qiageri 
columns (Qiagen) according to the manufacturers instntchons UTK o* wane 
transacted using 1.0 ug of DMA in presence o, L,pofectam,ne (G.bco BRL The 
immune-rcacfivlty of cell supernatants and of purged HMAbs were tested by 
B hours post infecfion as previously described (Maior et a,., 1995). Positive centre 
included the use of a reactive hyperimmune serum generated from mice —ad 
by the direct iniecfion of the plasmfd pC,E 2 , (Naxano e, a,., 1997). 
included the use of uninfected LTK cells as we., as CV-1 calis infected w,th a 
recombinant SV40 virus expressing E1 (Fournillier-Jacob et a,., 1996). 
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Results of the IF studies are summarized in Table 2. Serum of patient 1 recognized 
multiple determinants mapping within the sequences expressed from various E2- 
expressing plasmids. In contrast, the HMAb 503 derived from this patient recognized 
only the near full-length expressed form of E2 (encoded by plasmid P CIE2t) but none 
of the smaller expressed forms of the antigen. For patient 2, the serum as we., as the 
derived 108 antibody reacted only against the largest expressed form of E2. Thus, 
using this approach it was not possible to identify restricted determinant sequences 
recognized by either of the purified antibodies. 

All the above experiments involved a subtype 1a derived antigen. It was evaluated 
the capacity of the purified monoclonal antibodies to, in addition, recognize a 
subtype 1b derived E2 as a way to evaluate their cross-reactive potential. Reactivity 
of the HMAbs was tested by immunoprecipitation using cells infected wrth a 
recombinant Sindbis virus, Sinrep/HCV-BK1-1207, expressing such an ant,gen. Both 
antibodies were capable of recognizing the antigen as shown by the observat.cn of 
stronq, specific signals. 

Taken together with the above results, these data suggest the. the HMAbs are 
oapable to reoognize determinants specffic of at least »» different E2 subtype (1a 
and 1b) derived antigens. In addition, they strongly suggest that the antibod.es are 
likely to reoognize conformation-dependent determinants. 

Example 3: Immunoprecipation studies 

The absenoe of reaotivity of the HMAbs in western blotting and by IFA on LTK calls 
transfected by a panel of vectors expressing different truncated parts of E2 suggests 
that the Aba recognize conformation-dependent epitope(s). Therefore, it was further 
evaluated the recognition of E2 by the HMAbs in pulse chase experiments. In 
addition, as previous reports have suggested that E1 and E2 interact to form 
complexes which have been proposed to be functional subunits incorporated ,n the 
virion particles (Deleeranyder et al., 1997), the ability of the HMAbs to recognize 
such complexes was also evaluated. These E1E2 complexes are noncovalently 
associated or stabilized by Intramolecular disulfide bonds forming E1 E2 aggregates. 
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Covalently associated E1E2 complexes have also been reported that are not 
believed to be part of the functional subunits of the viral particles (Dubuisson et al., 
1994, Grakaoui et al., 1993, Ralston et al., 1993). For the purpose of the present 
invention, different recombinant viruses were used. These included: 1) a 
recombinant vaccinia virus vTF7.3 expressing the T7 DNA-dependent RNA 
polymerase (Fuerst et al., 1986), 2) a panoply of recombinant vaccinia viruses 
expressing HCV-H amino acid sequences, vHCV 170-809, vHCV 371-809, vHCV 1- 
1488 and vHCV 370-661 (Grakoui et al., 1993, Michalak et al.. 1997, Fournillier- 
Jacob et al., 1996, Major et al., 1995) and 3) a recombinant Sindbis virus 
(Sinrep/HCV-BK1-1207) expressing the structural proteins of a genotype 1b strain, 
the BK strain (Dubuisson et al., 1994). Viral stocks were generated in CV-1 
monolayers (for the vaccinia viruses) or in BHK-21 cells (for the Sindbis virus) as 
described (Dubuisson et al., 1994, Bredenbdeeck et al., 1993). Cells were infected 
and metabolically labeled with 35S-translabel (ICN) as previously described 
(Dubuisson et al., 1994, Dubuisson and Rice, 1996). Cells were lysed with 0.5% NP- 
40 in 10 mM Tris-HCI (ph 7.5), 150 mM NaCl, and 2 mM EDTA. Twenty mM 
iodoacetamide was included in the lysis buffer for experiments in which disulfide 
bond formation was assayed. Immunoprecipitations were carried out as described 
(Dubuisson et al., 1994, Dubuisson and Rice, 1996). For quantitative experiments, 
autoradiographs were analyzed by densitometry. 

3.1 Tpfi HMAbs remgnize an early folded domain of E 

immunoprecipitations were performed to characterize the proteins recognized by 
these HMAbs (Figure 3). Murine anti-E2 MAbs directed at conformation-independent 
(MAb A1 1 ) or conformation-dependent (MAb H2) epitopes were used for comparison 
(Dubuisson et al., 1994, Deleersnyder et al., 1997). Under reducing conditions, 
HMAbs 108 and 503 did not precipitate the E2 protein during the pulse, but after 30 
min of chase a band corresponding to E2 started to be detected with an increased 
intensity after 60 min (Figure 3, Reducing HMAbs 108 and 503). This is in contrast 
with results obtained using the murine MAb A11 directed at a conformation- 
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independent epKope (Figure 3, Reducing! MAb A11). As previousiy observed with 
Ms tatter antibody, heterogeneous E2 related products were detected dunng tte 
puise probabiy as a conseguence of a .ransiationa, pause during £ 
N S2 region in the E2-NS2 precursor (Dubuisson et a,.. 1996 . For th e M AIM- 
intensity o, the E2-NS2 precursor preoipftated was very h,gh after 30 m,n of chase 
and decreased wilh time whereas . was iow and rather — £2 was mainly 
protein precipe by me HMAbs 108 and 50, — £^ ^ 
precipitated by the Abs after its cleavage from the E2-NS2 precurso P 
1 immunopredpnatton performed with the —ion 
indicated a greater delay in me detecuoh of E2 (Figure 3, Reducng, Mab H2). These 
2T:L1 indicate that indeed the HMAbs recede a 

domain of E2 which appears early dudn g the — .p^cess * * = 
The estimated half-time of epitope format™ for both HMAbs was 
(data not shown). 

3 .2 jb^MMmi^a^^ 

A dd,t,ona, puise chase experiments were performed ^^^Z 

nonluoing conditions which prevent the disuKide ben* «E2 

complexes slow migrating bands were also detected on the top of the gels T 

Z observation Iggests « the E1E2 oompiexes precipHate d cons^ o 

noncovaientty associated heterodimers and heterogeneous 

piously observed, for Mab H2 which has been sovm cape = 

native form of E2. only bahds correspond^ to E1 and E2 were dete 

in mat ease (Figure 3. hon-reducihg, H2, Deieersnyder et a, 1997 Undone 

reducing condiUons, the copredpitation of the E1 monomenc form wrth HMAb 1 

1 poorer, with a specific bend detected oniy after a long 

compared with HMAb 503. Thus, both HMAbs recognize doma,n(s, of the E2 protein 
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that appear folded early and would stay accessible as the protein adopts its final 
conformation as suggested by the coprecipitation of noncovalentiy associated E1E2 
complexes. 

All together, the above data indicate that both HMAbs 108 and 503 recognize a 
conformation-dependent determinant (or determinants) and could precipitate E1 and 
E2 noncovalentiy associated complexes which are believed to exist on the vmon 
particle. 

Example 4: Neutralization of E2 binding onto cells 

The assay recency developed by Rosa at al., (Rosa et al., 1996) allows to evaluate, 
in a quantitative fashion, the ability of oandidate antibodies to neutralize the binding 
of highly purified E2 (neutralizing of binding or NOB) onto ceils susceptible to HCV 
infection. Both HMAbs were evaluated in this assay. The ability of the HMAbs was 
assessed to neutralize the binding (Neutralization of Binding or NOB) of E2 to MOLT 
4 cells in the assay recently developed by Rosa et al. (Rosa e, a,.. 1996). The assay 
was run In 96 U-bottom microplates. Briefly, twenty pi of recombinant CHO EW 
proteins at 0.5 pg/m, was mixed with various dilution o, anti-E2 HMAbs and control 
HMAbs (Rosa et al., 1996, Boyer et al., 1991). After incubation at 4-C for h. the 
mixture was added to MOLT-4 calls (105 cells per well). After washing, cells were 
subsequent incubated with 1/100 dilution of human serum with ant,-E2 
immunoglobulins which recognizes E2 bound to target cells. Cells were washed and 
incubated with fluoresceins isothiocianate-coniugated antiserum to IgG. 
Fluorescence was analyzed with a FACScan flew cytometer. Specific neutralization 
was calculated as follow: ((positive control MFI - experimental MFI ) / (posibve 
control MFI - negative control MFI)) x 100 where (MFI) = mean fluorescence intensity 
of the cell population which directly relates to the surface density of fluorescently 
labeled HCV proteins bound to the cells. MFI values of cells incubated with or 
without HCV proteins and with the HCV HMabs or HCV-negative HMabs cr pre- 
immune sera (Rosa et al., 1996) are compared. The threshold of posftivity is set for 
each experiment by tow cytometric analysis of cells without HCV proteins bound that 
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have been incubated with antisera to HCV proteins and the fluorescein 
isothiocyanate-labeled second antibody. For competition binding analysis, antibodies 
were biotinylated as followed: 1 mg / ml of the antibodies in 0. 4 M phosphate buffer 
were incubated with N-N- dimethylformamide biotin at 2 mg / ml at 4° C for 2 hrs and 
dialyzed extensively against PBS overnight. Testing of the NOB activity was 
performed using both antibodies, the competitor labeled antibody being used at 2.5 
ug/ml. 

Percent neutralization obtained at different concentrations of the antibodies are 
shown in Figure 4. The results indicate that the HMAb 503 displayed NOB activity 
and that fifty percent neutralization of binding was achieved at a concentration of 
0.03 ug/ml. No NOB activity could be detected for HMAb 108 at any of the 
concentration tested. Hence, the HMAb 503 that is capable of NOB activity is the 
first such antibody described to date. Interestingly, the fact that the producing clone 

(503) was derived from a genotype 4 infected patient while the assay used a 

genotype 1(a) derived antigen confirms the cross-reactive potential of this antibody. 

The data also suggest that antibodies with NOB-activity seem to be targeted at 

determinants conserved between different viral genotypes. 

Competition experiments were performed to determine whether the two antibodies 
binds to similar or topographically distinct epitopes. The HMAb 108 did not prevent 
(i e did not compete ) the detection of the neutralizing activity of the 503 Ab. These 
results strongly suggest that the HMAbs 108 and 503 recognize different epitopes on 
the E2 protein. 



Example 5: Prevention of HCV infection in liver transplantation 

The following describes a liver transplantation in the case of an infection with 
hepatitis C virus (HCV), whereby an antibody of the invention is administered in 
order to avoid a re-infection of the implanted organ. 



WO 00/05266 



PCT/EP99/05173 



Preparation of the patient: shaving of the whole body, clystering, taking blood 
(quantitatively determining HCV-RNA), decontamination of the intestine with the help 

of drugs. , 
Preparation of the donor (daath of the brain certified, heart is still baaing): tak,ng 
blood (checking for antibodies against hepatitis B. C; HIV, cytomegalovirus), removal 
of the organ, conservation for the transport to the University of Wisconsin ,n a 
conservation medium (electrolyte solution rich In kalium, kept at a temperature of 
4°C) and transport to the patient. The patient is given general anasthas,a + 
immunosuppression in the O.R. (appro*. 1 g prednisolone ♦ FK 506 or cyclosponne 
A ♦ optionally azathriopine ♦ optionally antithyrnocyte globulin); stomach is opened 
(laparotomy); a bypass is fixed between vena femoral.s (ridge) and vena axillaris 
(axilla) in order to stabilize the blood circulation; the liver is removed from the 
surrounding tiseue, afferent and efferent vessels are prepared (arterla hepabcae 
vena portae, ductus choleductus, vena hepaticae) and the liver is mobilized (Pnnge,- 
ManSver). The vessels are clamped and the liver is removed. 
« this stage: the antibody is administered: 100-200 mg antibody . 500 mg uman 
serum albumin as a lyophiiisate or as a concentrated solution are dissolved ,n 100 
m , isotonic sal, solution or in a 5% glucose soluton and Infused in the course of two 
Irs. During the infusion the donor organ is pieced into the patient's abdomina 
region. The vessels are anastomosed (sutured), and again a blood probe » taken 
(detention of HCV-RNA-«er). After the infusion has been terminated, the 
vessels ere re-perfused and checked for closeness. If they are closed, ft. Mr - 
placed in the abdominal region. One hour after the perfusion was started, a b,opsy of 
the liver is taken and the abdomen is closed. The biopsy is immunohistochemically 
analyzed If the antibody has reached a target. 

The patient is brought to the intensive care unit, kept under anaesthetic and artitaa y 
ventilated. Liver function, secondary hemonhages, vascular occlusion, stage of the 
infection, anybody concentration as well as HCV-RNA-titer in the blood are closely 
monitored (normal course of the HCV-RNA-titer: after several days below 
demonstration level it increases after approx. one week). 
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Long-term course: In the first period of time 100 mg prednisolone per day are 
administered, the dose is decreased to 5 mg in the course of three month; 
prednisolone as well as individual doses of FK506 or cyciosporine are administered 
for the whole life, azathriopine and/or antithymocyte globulin only in the first four 
weeks. The therapeutic antibody will probably be renewed every six to eight weeks 
(infusion 100-200 mg); the HCV-RNA titer and the concentration of the antibody will 
be determined every four weeks. If there is known more about the antibody, the 
measurement will not be necessary anymore. Liver function, infections and possible 
rejection reactions (biopsy) are monitored for the whole life. Preexposure prophylaxis 
(partners of infected people; usually protection by the use of condoms if no 
pregnancy is desired): Every six to eight weeks bolus of 100-200 mg antibody 
intramuscularly (if sufficiently acceptable) or via infusion. Monitoring of the antibody 
concentration in the blood. 

For postexposure prophylaxis (nurse who has stung herself with a needle etc.) blood 
is taken (HCV-RNA-titer is determined), before result is there, 100-200 mg antibody 
are given via infusion. 

Example 6: Cloning and determination of functional immunoglobulin variable 
region sequences of the human anti-HCV antibody and expression in CHO-cells 

Total RNA was prepared from the antibody producing EBV-transformed human B 
cell line according to Chomczynski (Analytical biochemistry 162 (1987) 156-159). 
Subsequently, cDNA was synthesized according to standard protocols (Sambrook, 
Cold Spring Harbour Laboratory Press 1989, second edition). 
The DNA-regions that encode the lambda-light chain and the Y 1 -heavy chain Fd- 
segment (VH+CH1) of the human anti-HCV antibody were amplified by PCR using 
the oligonucleotide primer set listed in Table 3 and the cDNA synthesized from said 
human B cell line as template. 
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This primer set gives rise to a 5'- Xhol and a 3'- Spel recognition site for the heavy 
chain Fd-fragment and to a 5-Sacl and a 3'- X6a, recognition site for the lambda 
light chain. For the PCR-amplifioation of the heavy chain Fd-encoding DNA-fragment 
five different S-VH-primers (VH1 ,3,5,7, VH2, VH4, VH4B and VH6) were each 
combined with the 3'-VH primer CGd1: for the PCR-amplfflcation of the lambda , „ght 
chain fragment eight different 5'-VL primers (VL1-8) were each combined w*h the 3 - 

VL primer CL2. , 
The following PGR programm was used for amplitaeon: Denaturation a 94 C tor 
20 sec, primer annealing at 52'C for 50 sec. and primer extensron at 72 
sec for 40 cycles, followed by a 10 min. final extension at 72'C. 
PCRs were run on agarose gel and DMA bands of the appropriate size rsolated. 
Each isolated DNA band was subsequent digested with the restriction enzymes 
Xho I and Spe , (in case of heavy chain fragments) or wim Sac I and Xba I n case 
J chain foments) and ,oned into the p.asmid veotor Rescript = 
that was either prepared by digestion with Xho I and Spe I or by oieavage w,th 

M preparations of cloned heavy- and light chain fragments were subsequent, 
b e^ J sequence anaiysls. Two sequences were seiected that encode for 
.unctiona, immunoglobulin heavy- and iight chain variable reg,ons (V > and VU 
respectively; exactly one fun*na, VH- and one functiona, VL-reg,on could thus e 
ideled. Functional VL- and VH-sequences are depicted ,n F,gures 5 (SEQ D 
NOS- 1 and 2) and 6 (SEQ ID NOS: 3 and 4). The amino acid sequence of the 
"I lis was each completed by comparison with the oorrespond . 
g erm„ne sequences as provided by a Human V Gene Sequence databanK 
(http://www.mrc-cpe.cam.ac.uWlmt-doc/). » omhmok 
Coning and sequencing was carried out according to standard methods (SambrooK, 
Cold Spring Harbour Laboratory Press 1 989, second edibon). 
I order to done VL- and VH-fragmen,s that contain the original N-,erm,n, of hea^y 
and light chain of the human an«,-HCV anbbedy, me following expenmenta, 
procedure was carried out: 
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The total RNA was reverse transcribed with the MMLV reverse transcriptase 
Superscript II (Gibco BRL, Eggenstein) according to standard protocols (Sambrook, 
Cold Spring Harbour Laboratory Press 1989, second edition). Specific prim.ng of 
cDNA was carried out with the two oligonucleotides CGd1 (for the heavy chain) and 
CL2 (for the light chain). 

The first strand of cDNA was than pcly-G tailed using terminal transferase 
(Pharmacia, Freiburg) according to standard protocol. The tailed cDNA was PCR- 
amplified using a sense primer containing a P o,y-C stretch, baaed on the anchor 
primer sequence published by Gifend, L. K. et al„ (Tissue Antigens 47, 1-20 1996) 
and designated S'-AncTai, (GGTGGATGAGCTGTAGAATTGGGGGGGGGGGGCD). 
This anchor primer was combined with an antisense primer, specific for the 
nucleotide sequence encoding ft. Cterminus o, the lambda light chain constant 
region (CL2) orthatof the lgG1-CH1 heavy chain domain (CGd1), raapacuvely. 
The PGR was carried out as follows: Primary denaturation: 94°C for 4 
cycles o, ampl.cafion: 93X for 30 sec; 35'G for 30 sec, 72-G for 30 — 
elongation: 72"C for 3 min. Each of these primers con-tarn a restncfion enzyme 
Ceavage site (5,AncTaii: EcoKI; GL2: Xbal; GGd1: Spel) whict , ailows *n,ng o he 
corresponding PGR-fragments into a plasmid vector digested w,th HcoRI/Xba, or 
rXi. respectively; for Ihis purpose the biuescript KS + plasmid vector 
(Genebank Accession No X52327) was used, since it also aliows easy sequence 
analysis of the resulting inserts by using common sequencing pnmers. Several 
donee of heavy and light chain fragments proved to have identical sequences 
respectively and could be identified to encode eKher functiona, VL- or VH-regron, 
The VH-sequence proved to be identical with that doned by the above menfioned 
method. The amino acid sequence of VL (SEQ ID MO: 6) turned out to carry one 
amino acid replacement a. position 2 of the mature N-terminus, compared to the VL- 
sequence obtained by the above mentioned method. 

The complete lambda light chain including the native leader peptide, wee cloned 
according to standard procedures via PGR into the mammalian expression vector 
pEF-ADA (see PCT/EP98/02180). VH was also cloned according to standard 
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procedures via PCR into the genomic context of a human Y 1 -heavy chain «n th 
mammalian expression vector pEF-DHFR as described in PCT/EP98/02180. 
Expression of the complete human lgG1X-antibody was performed by stab 
transfection of CHO-ceils and subsequent gene amplification as describe 
(PCT/EP98/02180). Purification of the antibody from cell culture supernatant wi 
carried out by Protein A affinity chromatography as described in PCT/EP98/02180. 



Table 3: List of primers 




3 X -VH primer: 
CGd1 < 



GCATGTACTAGTTTTGTCACAAGATTTGG 



5' VL primer set: 




VL1: 
VL2: 
VL3: 
VL4: 
VL5: 
VL6: 
VL7: 
VL8 



CAGTCTGAGCTCACGCAGCCGCCC 
C AG ACTG AG CTC ACTC AG G AGCCC 



CAGGTTGAGCTCACTCAACCGCCC 
CAGGCTGAGCTCACTCAGCCGTCTTCC 



3' VL primer: 
CL2: 



CGCCGTCTAGAATTATGAACATTCTGTAGG 
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Claims 



An antibody comprising at least one complementarity determining reg.on 
(CDR) of the V H and/or V L region of a human antibody comprising the am.no 
acid sequence encoded by the DNA sequence depicted in Figure 5 (V L ) (SEQ 
,D NO- 1) and Figure 6 (V H ) (SEQ ID NO: 3) that specifically recognizes a 
conformation-dependent epitope of Hepatitis C Virus glycoprotein E2 and Ms 
capable of precipitating covalently or non-covalently associated E2/E1 
complexes. 

The antibody of claim 1. wherein said antibody is a monoclonal antibody, 
polyclonal anybody, chimeric antibody, humanized antibody, symtretic 
antibody, antibody fragment, or a chemically modified derivative thereof. 

The antibody of olaim 1 or 2 comprising the amino acid sequence of the V H 
and/or V L region as depicted in SEQ ID NO: 2, 4 and/or 6. 

An antibody recognizing the same epitope or antigen as the antibody cf any 
one of claims 1 to 3. 

An antigen or an epitope hereof which is recognized by the antibody of any 
one of claims 1 to 4. 

A polynucleotide encoding at least a variable region of an immunoglobulin 
chain of the antibody of any one of claims 1 to 4. 

, A vector comprising the polynucleotide of claim 6, optionally in combination 
with a polynucleotide cf claim 6 that encodes the variable region of the other 
immunoglobulin chain of said antibody. 

8. A host cell comprising a polynucleotide of claim 6 or a vector of claim 7. 
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10. 



11. 



A method for preparing an antibody capable of recognizing a conformation- 
dependent epitope of Hepatitis C Virus glycoprotein E2 or a functional 
fragment or immunoglobulin chain(s) thereof comprising 
(b) culturing the cell of any one of claim 8 and 

(b) isolating said antibody or functional fragment or immunoglobulin 
chain(s) thereof from the culture. 

An antibody or fragment thereof encoded by a polynucleotide of claim 6 or 
obtainable by the method of claim 9. 

A pharmaceutical composition containing a therapeutic amount of the 
antibody of any one of claims 1 to 4 or 10, the antigen of claim 5, the 
polynucleotide of claim 6, the vector of claim 7 or the cell of claim 8 and 
optionally a pharmaceutical^ acceptable carrier. 

A diagnostic composition comprising the antibody of any one of claims 1 to 4, 
the antigen of claim 5, the polynucleotide of claim 6, the vector of claim 7 or 
the cell of claim 8 and optionally appropriate reagents conventionally used m 
immunodiagnostic methods. 

13 A method for preventing (re)infection of Hepatitis C Virus in a subject 
comprising the step of administering the antibody of any one of claims 1 to 4 
or 1 0, the polynucleotide of claim 6 or the vector of claim 7. 

14 A method for alleviating chronic Hepatitis C in a subject, comprising the step 
of treating said subject using the antibody of any one of claims 1 to 4 or 10 
combined with a pharmaceutical^ acceptable carrier. 

15. The method of claim 13 or 14, wherein said subject is a human or an animal. 



12. 
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1 6 A method for diagnosing chronic Hepatitis C in a subject, characterized in that 
samples of said subject are tested using the antibody of any one of claims 1 
to 4 or 10 for the presence of neutralization of binding of Hepatitis C Virus 
glycoprotein E2 onto target cells. 

A neutralization assay for inhibiting the binding of Hepatitis C Virus 
glycoprotein E2 onto target cells using the antibody of any one of claims 1 to 



17. 



8 An in vitro immunoassay for the presence of Hepatitis C Virus g.ycoprotein 
E2, characterized by measuring its co-precipitation with the antibody of any 
one of claims 1 to 4 or 10 under non-reducing conditions. 

19 A method for detecting autoantibodies against Hepatitis C Virus in a subject 
comprising contacting a sample from a subject with the antigen of c.a,m 5, and 
detecting the presence of antibodies bound to said antigen. 

20 Use of the antibody of any one of claims 1 to 4 or 10, the antigen of claim 5, 
' tn epolynuc.eotideofc,aim6 1 thevectorofc,aim7orthecel.ofc«a l m8forthe 

preparation of a pharmaceutical composition for the treatment or prevention of 
HCV infection in a subject or for the prevention of recurrence of HCV infection. 

21 The use of claim 20, wherein said pharmaceutical composition is designed to 
be administered prior, during or after liver transplantation. 
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9 18 27 36 45 54 

TCT TAC GAG CTC ACQ CAG CCG CCC TCG GTG TCA GTG TCC CCA GGA CAG ACG GCC 

7 T 7 7 7 7 7 7 7 7 T v s p g q t a 

72 81 90 99 108 

agg atc acc tgc tct gga gat gca ttg cca aag caa tat gct tac tgg tat cag 
77777777777 q y a y w y q 

H7 126 135 144 153 162 

CAG AAG CCA GGC CAG GCC CCT GTG TTG GTG ATA TAT AAA GAT AAT GAG AGG CCC 

7 7 77 7 T7 7 7777k d n e r p 

-im inn 189 198 207 216 

TCA GGG Hi CCT GAG cli TTC TCT GGC TCC AGG TCA GGG ACA ACA GTC ACG TTG 

7 7 7 7 7 7 7 7 7 7 7 7c t t v t l 

,„ 234 243 252 261 270 

ACC ATC AGT GGA GTC CAG GCA GAA GAC GAG GCT GAC TAT TAC TOT CAA .TCA GCA 

7 7 7 7 7 7 T 7 7 7 a d y y c q ^ A 

orift opft 297 306 315 324 

GAC AGC AGT GGT TCT TCC TGG GTG TTC GGC GGA GGG ACC AAG CTG ACC GTC CTA 

7 7 7 7 7 7 7 7 7 7 "g 7 t k l t v l 



Figure 5 
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9 18 27 36 45 54 
CAG GTG CAG CTA CAG CAG TGG GGC GCA GGA CTG TTG AAG CCT TCG GAG ACC CTG 

"~V~~Q~~~cT~Q~W G A G L L K P S E T L 

63 72 81 90 99 108 

TCC CTC ACC TGC GCT GTC TAT GGT GGG TCC TTA AGT GGT TAC TTC TGG ACC TGG 

T~TTTVT~G~TT~T~G y p w t w 

H7 126 135 144 153 162 

ATC CGC CAG TCC CCC GGG AAG GGG CTG GAG TGG ATT GGG GAA AGC AAT TAT AGT 

r Q S P G~K G L E W I G E S N Y S 

m 180 189 198 207 216 

GGA AGT ACC AGG TAC AAC CCG TCC CTC AAG AGT CGA GTC ACC ATA TCA GTA GAC 

T ~S~ V ~R~ _ Y~ "iT T T L K S R V T I S V D 

„ s 234 243 252 261 270 
ACG TCC CAG AAC CAG TTC TCC CTG AAG CTG AGC TCT GTG ACC GCC GCG GAC ACG 

TVT~N~~Q~~F~"TT~K~L S S V T A A D T 

•570 288 297 306 315 324 
GCT GTA TAT TAC TGT GCG AGA GGT TGG GCG GTG GAC GOT ATC GAC GTC TGG GGC 

T""T~Y~~~"r""g"~W~~~ D G M D V W G 

333 342 351 

CAA GGG ACC ACG GTC ACC GTC TCC TCA 3' 

OGTTVTVS S 



Figure 6 
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SEQUENCE LISTING 

120> Anti Hepatitis C virus antibody and uses thereof 
<130> B3070PCT 

<150> EP 98 11 35 95.7 
<151> 1998-07-21 

<160> 6 

<170> Patentln Ver. .2.1 



<210> 1 

<211> 324 

<212> DNA 

<213> Homo sapiens 



<220> 

<221> CDS 

<222> (1) . . (324) 



48 



as a s s is s = = a s s = = 1 = 

= S 5 S = 5 = « S s 2 S S ° G S ~ E 

20 2b 
tac tgg tat cag cag aag oca ggc cag gee cct gtg ttg gtg Jta tat 
Tyr Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro vax ^ 
35 

rrrrn ate cct gag cga ttc tct ggc tec 
aaa gat aat gag agg ccc tea ggg ate cct g g ^ ^ ^ ^ 

Lys Asp Asn Glu Arg Pro Ser Gly He Pro w. w 
50 55 

5 = S S S - S £ S S £ S !S S S K 

65 70 

< *-rrt- raa tea aca gac age agt ggt tct tec 

SS S5 E S S S X £ S- E U S.r S.r «» S« Ser 
85 

tag gtg ttc ggc gga ggg acc aag ctg acc gtc eta 
tS 5a? Phe Gly Gly Gly Thr Lys Leu Thr Val Leu 
100 105 



192 



<210> 2 

<211> 108 

<212> PRT 

<213> Homo sapiens 



<400> 2 m u Pro Pro Ser Val Ser Val Ser Pro Gly Gin 

Ser Tyr Glu Leu Thr Gin Pro Pro ber v^x ^ 

1 5 10 
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Thr Ala Arg He Thr Cys Ser Gly Asp Ala Leu Pro Lys Gin Tyr Ala 



20 



25 



Tyr Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro Val Leu Val He Tyr 

Lys Asp Asn Glu Arg Pro Ser Gly He Pro Glu Arg Phe Ser Gly Ser 

50 55 
^g Ser Gly Thr Thr Val Thr Leu Thr He Ser Gly Val Gin Ala Glu 



65 



Asp Glu Ala 



Asp Tyr Tyr Cys Gin Ser Ala Asp Ser Ser Gly Ser Ser 



85 



90 



Trp Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu 
100 105 



<210> 3 

<211> 351 

<212> DNA 

<213> Homo sapiens 



<220> 

<221> CDS 

<222> (1) • • (351) 



ZV, =a 9 «» « - *» - s is s s "i s s ss 48 

Gin Val Gin Leu Gin Gin Trp Gly Axa 15 
1 5 

tat aat ggg tec tta agt ggt tac 96 
acc ctg tec etc ace tgc get gtc tat ggt ggg ^ Tyr 

Thr Leu Ser Leu Thr Cys Ala Val Tyr bxy o y ^ 
20 Z3 

£ 3 i s s s a s s s? s s a a s s 144 
s s = ss ss s s s s a s = a = s s 192 

50 55 

£ S !S S 52 S « - 52 ~ =1 » S S S ° L 1 2 " 

65 70 

51 E S2 ?2 £ E S E S E S S 2? £ S 288 

s s s s a s s s § ss s s = i s= = 336 

100 1Ui5 

351 

gtc acc gtc tec tea 
Val Thr Val Ser Ser 
115 
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<210> 4 

<211> 117 

<212> PRT 

<213> Homo sapiens 



Gin Val Gin Leu Gin Gin Trp Gly Ala Gly Leu Leu Lys Pro Ser Glu 
15 10 15 

Thr Leu Ser Leu Thr Cys Ala Val Tyr Gly Gly Ser Leu Ser Gly Tyr 
20 25 30 

Phe Trp Thr Trp He Arg Gin Ser Pro Gly Lys Gly Leu Glu Trp He 
35 40 45 

Gly Glu Ser Asn Tyr Ser Gly Ser Thr Arg Tyr Asn Pro Ser Leu Lys 
50 ~ 55 60 

Ser Arg Val Thr He Ser Val Asp Thr Ser Gin Asn Gin Phe Ser Leu 
65 " 70 75 80 

Lvs Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala 
85 90 95 

Arg Gly Trp Ala Val Asp Gly Met Asp Val Trp Gly Gin Gly Thr Thr 
100 1° 5 110 

Val Thr Val Ser Ser 
115 



<210> 5 

<211> 324 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (1) . . (324) 




48 




96 



144 



192 



240 
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gac gag get gac tat tac tgt caa tea gca gac age agt ggt tct tec 
Aso Glu Ala Asd Tyr Tyr Cys Gin Ser Ala Asp Ser Ser Giy Ser Ser 
85 90 95 

tgg gtg ttc ggc gga ggg ace aag ctg acc gtc eta 
Trp Val Phe Giy Giy Giy Thr Lys Leu Thr Val Leu 
100 105 



<210> 6 

<211> 108 

<212> PRT 

<213> Homo sapiens 

<400> 6 

Ser Ser Glu Leu Thr Gin Pro Pro Ser Val Ser Val Ser Pro Giy Gin 
1 5 10 15 

Thr Ala Arg He Thr Cys Ser Giy Asp Ala Leu Pro Lys Gin Tyr Ala 
20 25 30 

Tyr Trp Tyr Gin Gin Lys Pro Giy Gin Ala Pro Val Leu Val He Tyr 
35 40 45 

Lvs Asp Asn Glu Arg Pro Ser Giy He Pro Glu Arg Phe Ser Giy Ser 
50 55 60 

Arg Ser Giy Thr Thr Val Thr Leu Thr He Ser Giy Val Gin Ala Glu 
65 ' ™ 75 80 

Asp Glu Ala Asp Tyr Tyr Cys Gin Ser Ala Asp Ser Ser Giy Ser Ser 
85 90 95 

Trp Val Phe Giy Giy Giy Thr Lys Leu Thr Val Leu 
100 105 
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